Auxin caused a rapid shift in the point of incipient plasmolysis of a number: of tissues which showed auxin-induced expansion. The plasmolysis shift was not caused by dilution of the cell sap and might be due to an effect of auxin on the adhesion between cytoplasm and cell wall.
INTRODUCTION
Auxin added to coleoptile tissue increases the rate of elongation, which then remains constant for several hours. The increased rate of elongation due to the presence of auxin is established with no observable delay, as indicated for example by Bonner and Foster (1955) . On the other hand, with storage tissue there is a variable lag period between auxin addition and the subsequent auxin-induced expansion. This lag period was first shown by Reinders (1938) with potato and has been studied in Jerusalem artichoke by Hanson and Bonner (1955) , who tentatively attribute the lag to the time taken for the tissue to synthesise an enzyme or enzymes essential to auxin-induced water uptake. The presence of a lag period in the auxin-induced expansion of storage tissue~ and its absence in elongating coleoptiles has been considered characteristic of the type of tissue. This paper shows that there is no lag period in immature storage tissue of Jerusalem artichoke and that the development of a lag is related to tissue maturity. A lag period in elongation of coleoptiles can be induced by preventing expansion for short periods prior to auxin treatment. Auxins also cause a rapid shift in the point of incipient plasmolysis of a number of tissues which show auxin-induced expansion. It is suggested that there is no delay in auxin action intimately associated with the wall, but that the lag in auxin-induced expansion is related to the structural properties of the cell wall.
II. MATERIALS AND METHODS
Storage parenchyma of Jerusalem artichoke (Helianthus tuberosus) tubers and coleoptiles of wheat (var. Federation) were used as experimental material. Slices of artichoke tuber 1 mm thick were cut, washed, and aerated in distilled water for at least 2 days before use. For each complete experiment the tissue was cut from a single tuber. Wheat seeds were soaked in shallow water for 1 hr, sown in damp sand, and grown in the dark at 25°0. Uniform coleoptiles were harvested at 85 hr from sowing. From· each coleoptile, 10-mm sections were cut 3 mm below the apex. The sections were randomized and replicates of 10 sections per treatment were used. Except during cutting when the sections were in very dim light for about 1 min and measurement, which took c. 3 min, the sections were kept in the dark.
All solutions were buffered to pH 4·5 with O·005M potassium phosphate. Solutions were stored at 5°0 and. renewed after 5 days.
The strength of the external solution causing plasmolysis in 50 per cent. of the cells was determined by microscopic observation in a range of mannitol solutions.
In all treatments involving ,B-indolylacetic acid (1M), the tissue was transferred direct from distilled water to the appropriate mannitol solution containing 1M.
The effect of IAA on artichoke tissue was determined by the change of wet weight with time. During experiments extending over several days, the solutions were aerated continuously and changed at least daily. Twelve randomly selected slices per sample were used in each treatment. Wet weight was determined using a carefully standardized blotting procedure. Each tissue slice of a sample was removed individually from sblution and -placed between two sheets of illter paper for 2 or 3 sec to remove the bulk of surface water. Each surface was then carefully wiped free of surface water using torn edges of filter paper as absorbent. At no stage of blotting was pressure applied to the tissue. The dried slices were weighed in stoppered weighing bottles. Using this procedure results were reproducible and samples could be weighed with a variation not greater than 1-2 per cent. with the tissue samples used (± 5 mg/g) ..
Ooleoptile length was measured by transferring the sections to a well-slide on the graduated mechanical stage of a low-power microscope. Ooleoptiles remained sufficiently straight for measurement when floated on solution.
III. RESULTS

(a) Auxin-induced Plasmolysis Shift
The results of incipient plasmolysis determinations on artichoke tissue in the presence and absence of auxin are recorded in Figure 1 . In the presence of 1M plasmolysis usually occurred in more dilute solution than in untreated tissue. The auxin-induced shift in the point of incipient plasmolysis occurred within the time (c. 15 min) taken for the section to equilibrate with the external osmotic solution. The shift in the point of incipient plasmolysis value occurred in the presence of osmotic solution and during the lag period in auxin-induced expansion. Since there was no increase in cell volume the shift was not due to dilution of the cell sap.
These experiments were repeated using naphthalene acetic acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D). Essentially similar results were obtained. The effect of different auxin concentrations on the magnitude of the plasmolysis shift was determined. The results ( Fig. 2(a) ) may be compared with the auxin activity/concentration curve for auxin-induced expansion ( Fig. 2(b) ). Since the optimum concentration for water uptake caused the maximum shift in the point of incipient pl!Lsmolysis, it is suggested that the two effects, although separated in time, were closely related.
(b) Development of a Lag Period in Storage Tissue
The time course of auxin-induced expansion of artichoke tissue of different physiological age is recorded in Figures 3(a) and 3(b). Immature tubers harvested before dormancy showed no lag in auxin-induced expansion. This result confirms a similar observation by Hackett and Thimann (1952) , which Hanson and Bonner ..
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. . (1955) suggested "may not be real, but a fortuitous result of the selection of two points on a sigmoid curve which happen to fall in line with the origin". Extrapolaations of the progress curves ( Fig. 3(a) ) pass through the origin, suggesting that an immediate increase in wet weight was obtained with a number of different IAA concentrations. Similar linear progress curves were obtained using NAA and 2, 4-D. When immature tubers were stored or as maturity was reached in the ground, a lag period developed rapidly and increased in length, the maximum lag period being associated with fully dormant tissue (Fig. 3(c) ).
(c) Induced Lag Period in Ooleoptile Elongation
The lag period in artichokes appears to be confined to non-expanding tissue. This suggests that a lag period in coleoptiles might be induced by preventing their elongation prior to auxin treatment.
The expansion of wheat coleoptile sections was stopped for varying times by floating the sections on isotonic mannitol. The sections were then transferred to buffered auxin and the time course of elongation followed. The progress curves illustrated in Figures 4(a) and 4(b) show that a lag period in auxin-induced water uptake was observed when elongation was prevented prior to auxin treatment. Figure 5 shows the relationship between the time of pretreatment with isotonic mannitol and the length of the induced lag period estimated from the progress curves. Initially the changes occurring in the cell were not sufficient to affect auxin-induced elongation. A resistance to expansion then developed rapidly. The initial rates of auxin-induced elongation occurring after the lag period, calculated from progress curves for each pretreatment, are recorded in Figure 6 . The decreasing rate of auxin-induced expansion after increasing pretreatment indicated that the resistance of the tissue to expansion was not fully overcome during the lag period.
Different lag periods were obtained by pretreating tissues with a range of hypotonic concentrations for a constant time. The duration of the induced lag period increased with increasing concentration of the pretreating solution and was inversely proportional to the elongation occurring during pretreatment (Fig. 7) .
IV. DISCUSSION
The result have shown a lag period in auxin-induced expansion of artichoke parenchyma which is related to tissue maturity; immature tissue had no lag period. A lag in auxin-induced coleoptile elongation was caused by preventing expansion prior to auxin treatment. The lag period increased with length of pretreatment in isotonic concentrations and was inversely proportional to the elongation during pretreatment in a range of hypotonic concentrations. In tissues which showed auxin-induced expansion, auxin caused a rapid plasmolysis shift which was not due to dilution of cell sap. These results can now be considered in relation to known effects of auxin on water uptake and cell expansion. It has been established that the auxin-induced increase in wet weight and volume of storage tissue is induced by a change in the wall pressure component of the osmotic system (McLaren 1955) . Similarly, Ordin, Applewhite, and Bonner (1956) using Avena coleoptile sections have shown that auxin induces an osmotic uptake of water. Following Heyn's original hypothesis (see Heyn 1940) that auxin affects cell wall plasticity, reactions involving auxin and methylation of cell wall pectins have been suggested or investigated by several workers (Bennet-Clark 1955; Ordin, Cleland, and Bonner 1955; and Glasziou 1957a, 1957b) .
Two possible causes of the lag period may be suggested. A lag in auxin-induced water uptake could be due to a delay in the plasticizing effect of auxin on the wall. Alternatively, the overall structural rigidity of the wall may be sufficient to prevent expansion despite a plasticizing effect of auxin on the pectic components. It is also possible that both causes may operate; for instance, the plasticizing action of auxin could be limited by the low availability of reactive sites in a structurally rigid wall system. It is unlikely that there is an absolute delay in the plasticizing effect of auxin on the wall. Auxin induces a rapid shift in the point of incipient plasmolysis of certain storage tissues. Potato tuber tissue and the staminal hairs of Tradescantia, which, like artichoke tissue, show auxin-induced expansion also show a plasmolysis shift; in contrast, carrot and beet parenchyma show neither auxin-induced expansion nor plasmolysis shift. Since this shift during the lag period is closely related to the subsequent auxin-induced expansion, it is suggested that there is no delay in the effect of auxin on the cell wall. In view of the known effects of auxin on cytoplasmic viscosity and cell wall, it is postulated that this shift reflects a reduction in cytoplasm wall adhesion which allows plasmolysis to occur in a lower external osmotic concentration.
If cell wall rigidity is the factor underlying the lag period, this rigidity must be reduced before auxin-induced expansion can occur. Wall rigidity could be reduced gradually if auxin causes a cumulative loosening of pectic components with a weakening of the cellulose-pectin wall mesh. A stage would be reached where turgor forces are sufficient to cause an irreversible plastic stretching of the wall, rigidity no longer limiting cell expansion. At such a stage with mature artichoke tissue there is evidence that expansion may be limited in rate by the auxin concentration (Adamson and Adamson, unpublished data 1957) .
The sequence in development of a lag period in artichokes may be interpreted in terms of changing structural properties of the cell walls. Thus the absence of a lag period in auxin-induced expansion of immature tissue is associated with an expanding wall structure. When expansion of the tubers ceases, the continued deposition of cellulose or a change in the relative proportion of pectin and pectate would result in the stiffening of the cell wall, and consequently to the development of a lag period. One of the key reactions in the breaking of dormancy could be a reversal of wall stiffening, which would be reflected in a shortening of the lag period, as was noted by Hanson and Bonner (1955) for artichokes. The general finding of a lag period in the auxin-induced water uptake of storage tissue is due to use of dormant material.
The results with coleoptiles show that the length of the induced lag period was inversely proportional to the elongation which occurred during pretreatment. In addition, the length of the lag was related to the time of pretreatment with isotonic mannitol. These data support the hypothesis that the induced lag is caused by an increase in wall rigidity during pretreatment. The experiments of Heyn (1940) with Avena coleoptiles, which have been repeated by Cleland and Bonner (1956) , showed that auxin acted on the wall when wall stiffening occurred in the absence of expansion. The failure of Cleland and Bonner to obtain auxin-induced expansion separated in time from auxin action in mannitol-pretreated tissue could have been due to the development of an induced lag period. These results, suggesting that auxin can act on the cell wall during the induced lag period, imply no absolute delay in the plasticizing effect.
The induced lag period in coleoptiles can be explained as an early stage in the transition from expanding to non-expanding wall structure. The prevention of elongation, even for short periods of time, may allow the setting of existing pectic wall components by cross-linkage formation and a further stiffening due to deposition of new material on the inner wall surface. In elongating coleoptiles the balance between decreasing turgor pressure and increasing wall rigidity may in part determine the cessation of cell expansion. This could occur even in the presence of concentrations of auxin optimal for elongation.
The results presented in this paper support the conclusions of Heyn (1940) on the importance of auxin-induced wall plasticity and the presence of a wall stiffening process. It is concluded that the transition from expanding to nonexpanding wall structure depends on the balance between wall metabolism and turgor pressure and that the lag period in auxin-induced expansion is due to increasing structural rigidity associated with development of the mature wall.
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